Background: The coexistence of IgA nephropathy (IgAN) and antineutrophil cytoplasmic autoantibodies (ANCAs) is relatively rare. Only a few studies have reported the features of these patients.
Introduction
IgA nephropathy (IgAN), characterized by mesangial IgA deposition, is the most prevalent form of primary glomerulonephritis. Antineutrophil cytoplasmic autoantibodies (ANCAs) are commonly linked to vasculitis and pauci-immune crescentic glomerulonephritis. However, the coexistence of IgAN and ANCA is relatively rare, in spite of their high incidences, separately. It is debatable whether IgG-ANCA plays a pathogenic role in IgAN.
No more than 30 cases with IgAN and coexisting IgG-ANCA positivity have been reported to date, mainly case reports [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and two case series [16, 17] . O'Donoghue found that 2% of patients with IgAN showed serum IgG-ANCA positivity. The two patients had slowly progressive renal failure, without crescentic changes or focal necrosis in renal biopsies [1] . However, subsequent reports have presented a different picture. Haas et al. [16] reported findings on six ANCA-positive patients with IgAN, with crescents in more than 50% of glomeruli. The cases resembled ANCA-associated crescentic glomerulonephritis in both histological features and response to aggressive immunosuppressive therapy. Bantis et al. [17] studied eight ANCA-positive patients with IgAN, with more than 10% crescentic glomeruli, and reported more severe clinical manifestations and histological lesions, but better response to therapy, when compared with ANCA-negative patients. However, the former case series were confined to crescentic glomerulonephritis or were limited by small sample sizes and the lack of strict controls.
The main aim of the current study was to gain a deeper understanding of patients with IgAN and ANCA positivity. We summarized their clinical manifestations, histological features and response to treatment and prognosis, and compared them with ANCA-negative IgAN and ANCA-associated systemic vasculitis (AASV) patients.
Materials and methods
We retrospectively screened the clinical and histological data of 3543 patients with IgAN. The diagnosis of IgAN was based on the presence of dominant or codominant staining for IgA in the glomerular mesangium, from renal biopsy between January 1997 and December 2013 at the Renal Division of Peking University First Hospital. ANCAs were assessed in 1729 of these patients using indirect immunofluorescence assay and enzyme-linked immunosorbent assay. Twenty out of the 1729 IgAN patients were ANCA positive. ANCAs associated with propylthiouracil were excluded based on clinical data. The details of the recruitment process are shown in Supplementary data, Figure S1 .
Clinical data at renal biopsy included serum creatinine level, proteinuria, blood pressure, haemoglobin, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), antinuclear antibody (ANA) and immunosuppressive therapy. Estimated glomerular filtration rate (eGFR) was calculated using the chronic kidney disease epidemiology collaboration (CKD-EPI) two-level race equation. Systemic involvement included fever, fatigue, arthralgia, myalgia, long-standing sinusitis, otitis media episcleritis, keratitis, uveitis and retinal vasculitis despite antibiotic and antiallergy therapies. Pulmonary involvement was defined by the presence of cough, haemoptysis, pulmonary haemorrhage, respiratory failure or radiographic proof of infiltrates without evidence of infection [18] .
Renal biopsy specimens were analysed and the following data were recorded: the proportion of glomeruli with cellular, fibrocellular or fibrous crescents, the presence of fibrinoid necrosis, the proportion of glomeruli with fibrinoid necrosis or global sclerosis, the presence of tubulointerstitial nephritis or ischaemic renal injury, the presence of IgA, IgG, IgM, C3, C1q and FRA deposits [graded on a scale of 0-3+ (0 for absence, + for mild, ++ for moderate and +++ for strong)]. Localization of deposits was observed by immunohistochemistry and electron microscopy.
We searched our follow-up databases (containing clinical, histological and follow-up data of patients with AASV or biopsy-proven IgAN from 1997 to 2013) for control group cases. Forty ANCA-negative patients with IgAN and 40 AASV patients were selected by stratified random sampling as two control groups, with matching proportions of crescentic glomeruli. Two randomized control groups were chosen for the comparison of crescentic glomerulonephritis, including 18 patients with ANCA-negative crescentic IgAN and 18 patients with ANCA-associated crescentic glomerulonephritis, respectively.
Aggressive immunosuppressive therapy was defined as highdose pulse methylprednisolone (7-15 mg/kg/day) plus cyclophosphamide therapy [19] . As for AASV, induction therapy included corticosteroids and cyclophosphamide [20] . Oral prednisone was prescribed at an initial dosage of 1 mg/kg/day for 4-6 weeks, reduced over time to 12.5-15 mg by 3 months, to 10 mg by 6-9 months and then to 5 mg by 18-24 months. Cyclophosphamide was administered either intravenously at a dosage of 0.7 gm/m 2 every month (usually six to nine pulses) or orally at a dosage of 2 mg/kg/day for 3-4 months. For patients older than age 65 years and those with renal insufficiency, the dose of cyclophosphamide was reduced by 25%. Patients with acute renal failure or pulmonary haemorrhage received three pulses of intravenous methylprednisolone (7-15 mg/kg/day) before induction of the therapy described above. For maintenance therapy, azathioprine was prescribed orally at a dosage of 2 mg/kg/day. The use of steroids and cyclophosphamide in rapidly progressive crescentic IgAN was analogous to the treatment of AASV [21] .
Comparisons were made between ANCA-positive IgAN, ANCAnegative IgAN and AASV patients in clinical and histological features, response to treatment and prognosis. The follow-up endpoint was defined by death or the presence of end-stage renal disease (ESRD), including eGFR <15 mL/min/1.73 m², long-term dialysis or renal transplantation.
Normal distribution data were presented as average ± SD and non-normal distribution data as median (Q25, Q75 Forty percent of patients with ANCA positivity showed pulmonary involvement; the percentage was higher in this group than in ANCA-negative IgAN patients (40.0 versus 0.0%, P < 0.001), and comparable to AASV patients (40.0 versus 70.0%, P = 0.03). There were statistically significant differences in haemoglobin levels (F = 12.405, P < 0.001), ESR (P < 0.001) and CRP (P < 0.001) among the three groups (shown in the Supplementary data).
Histologically, no statistical difference was seen in the composition of crescents within the three groups. Notably, there were statistically significant differences among the groups in the presence of fibrinoid necrosis (P = 0.003). The percentage of patients with fibrinoid necrosis was higher in ANCA-positive IgAN patients (35.0 versus 0.0%, P = 0.002) and AASV patients (25.0 versus 0.0%, P = 0.004) when compared with ANCA-negative IgAN patients.
After aggressive immunosuppressive therapy, 75.0% (3/4) of ANCA-positive IgAN patients withdrew from dialysis, while there were no withdrawals among the ANCA-negative IgAN cases (75.0 versus 0.0%, P = 0.01). However, there was no statistical difference in the rate of ESRD among the three groups at 6 months after renal biopsy (P = 0.09) or at the end of follow-up (P = 0.52).
Comparison among ANCA-positive crescentic IgAN, ANCA-negative crescentic IgAN and ANCA-associated crescentic glomerulonephritis patients (simple random sampling)
Nine out of 20 ANCA-positive IgAN patients were diagnosed with crescentic IgAN. Tables 3 and 4 and Figure 2 show the comparison of clinical and histological data, response to therapy and prognosis among ANCA-positive crescentic IgAN, ANCA-negative crescentic IgAN and ANCA-associated crescentic glomerulonephritis patients (simple random sampling).
There was a statistically significant difference in age among the groups (F = 8.281, P = 0.001). ANCA-associated crescentic glomerulonephritis patients (59.4 ± 10.2 years, P = 0.001) were older compared with patients with ANCA-negative crescentic IgAN (40.8 ± 15.1 years). However, there was no statistically significant difference in age between ANCA-positive crescentic IgAN and ANCA-negative crescentic IgAN patients (54.8 ± 18.0 years versus 40.8 ± 15.1 years, P = 0.06), and between ANCA-positive crescentic IgAN and ANCA-associated crescentic glomerulonephritis patients (54.8 ± 18.0 years versus 59.4 ± 10.2 years, P = 1.00). No statistical difference was found in eGFR among the three groups (P = 0.46). There were more ANCA-positive crescentic IgAN cases accompanied by systemic symptoms (66.7 versus 5.6%, P = 0.002) and pulmonary involvement (44.4 versus 0.0%, P = 0.007) than in the ANCA-negative crescentic IgAN patients, and this was in accordance with AASV patients (66.7 versus 100.0%, P = 0.33; 44.4 versus 77.8%, P = 0.38). There were statistically significant differences among the groups in haemoglobin levels (F = 6.866, P = 0.003) and CRP (P = 0.007). Further details can be found in the Supplementary data. Normal distribution data were presented as average ± SD and non-normal distribution data as median (Q25, Q75). 
There were statistically significant differences among the three groups in the presence of fibrinoid necrosis (P = 0.01). The percentage of patients with fibrinoid necrosis was higher in the ANCApositive crescentic IgAN patients (44.4 versus 0.0%, P = 0.007) and ANCA-associated crescentic glomerulonephritis patients (33.0 versus 0.0%, P = 0.02) when compared with the ANCA-negative crescentic IgAN patients.
After aggressive immunosuppressive therapy, a statistically significant difference was obtained in the short-term rate of ESRD (P = 0.02). We made a comparison between each of the two groups, and found ANCA-positive crescentic IgAN patients had lower rates of ESRD within 6 months, compared with ANCA-negative crescentic IgAN patients (P = 0.015). There was no statistical difference between ANCA-positive crescentic IgAN glomerulonephritis and ANCA-associated crescentic glomerulonephritis (P = 0.20), ANCA-negative crescentic IgAN glomerulonephritis and ANCA-associated crescentic glomerulonephritis (P = 0.05). A statistically significant difference was also observed in the proportion of patients who withdrew from dialysis within the groups (P = 0.05). Within the ANCA-positive crescentic IgAN group, 75.0% (3/4) of patients withdrew from dialysis, while only 9.1% (1/11) of patients in the ANCA-negative crescentic IgAN group withdrew from dialysis (75.0 versus 9.1%, P = 0.03). However, at the end of follow-up, there was no statistical difference in the rate of ESRD among the three groups (P = 0.11).
Discussion
In the current study, we summarized the clinical and histological characteristics, the response to treatment and prognosis of 20 ANCA-positive IgAN patients, including 9 cases with crescentic glomerulonephritis. Compared with ANCA-negative IgAN patients, ANCA-positive IgAN patients showed a more severe clinical picture, but a better response to aggressive immunosuppressive therapy and better renal outcomes in the short-term. IgA nephropathy with ANCA positivity | 485
Furthermore, the clinical features were quite similar between ANCA-positive IgAN patients and AASV patients. Some studies have indicated that the presence of immunoglobulin deposits in renal specimens might be the early stage of typical pauci-immune ANCA-associated glomerulonephritis [18] . Immune complexes containing IgA might initiate an inflammatory reaction that was augmented in the presence of ANCA, which should then be degraded rapidly by enzymes. However, Bantis et al. [17] observed that IgA deposits were still present in renal biopsy specimens 6 months after treatment. In addition, we found that some features of ANCA-positive IgAN patients partially resembled IgAN patients, such as gross haematuria, which distinguished them from AASV. Therefore, the IgA deposits in these patients could not be explained as a transient phenomenon of AASV. However, whether immune complex containing IgA could lead to production of ANCA remains debated. Elevation of serum tumour necrosis factor-α, soluble forms of intercellular adhesion molecule 1 and urinary interleukin-8 levels could be detected in the acute or deteriorating phase of IgAN [22] [23] [24] , which could possibly result in the activation of polyclonal B cells and in the formation of ANCA [15] . However, we found that IgAN patients with ANCA positivity were relatively older than ANCA-negative patients, and the presence of ANCA was rarely seen even in the acute or deteriorating phase of IgAN. Therefore, it seemed that immune complex containing IgA in ANCA-positive IgAN patients was not the direct pathogenesis of ANCA production.
In our study, in contrast to ANCA-negative IgAN patients, ANCA-positive IgAN patients were notably older, showed worse renal function, manifested with more systemic symptoms and pulmonary involvement, and they showed obvious abnormality in inflammatory indicators and lower haemoglobin levels, which were consistent with the findings in AASV patients. We observed fibrinoid necrosis in ANCA-positive IgAN patients, which was also comparable to AASV patients, as ANCA was commonly considered to be associated with necrosis lesions. Half of the patients reported by Haas et al. [16] (3/6) and Bantis et al. [17] (4/8) also showed focal and segmental necrotizing lesions. With matched proportions of glomeruli with crescents, ANCA-positive IgAN patients showed worse renal function at renal biopsy, but tended to have a better response to aggressive immunosuppressive therapy in the short-term and a greater possibility of withdrawal from dialysis, when compared with ANCA-negative patients, and were similar to patients with AASV. After immunosuppressive therapy, most of the case reports showed an optimistic response to therapy. Haas et al. [16] found that two patients showed preserved renal function and one patient discontinued dialysis. Bantis et al. [17] also observed stable renal function in all eight cases. ANCA-positive IgAN patients were more similar to AASV patients than ANCA-negative IgAN patients in both clinical and histological features. Therefore, we speculated that ANCA played a more important role in the acute phase in ANCA-positive IgAN patients. The possibility that ANCA-positive IgAN patients developed coincidental ANCA-associated glomerulonephritis in addition to pre-existing latent IgAN could be one reasonable explanation, considering the high morbidity of IgAN and our observations in the current study.
Inconsistent with the long-term stable renal function found by Bantis et al. [17] , no statistically significant differences were found in renal outcomes at the end of follow-up, and ∼40% of ANCA-positive IgAN patients progressed to ESRD at the end of this study. However, the proportion of glomeruli with crescents was relatively lower and there were no patients on dialysis at Normal distribution data were presented as average ± SD and non-normal distribution data as median (Q25, Q75). It should be noted that 51.2% of patients with biopsy-proven IgAN were not tested for ANCA in our centre, so there might be bias in the evaluation of the incidence rate of ANCA positivity in IgAN. However, 80% (16/20) of the ANCA-positive IgAN patients involved in the current study were admitted to our centre in the last 7 years, and there was a high percentage (72%) of ANCA testing in IgAN patients during this time. To the best of our knowledge, the current study was the largest series of ANCApositive IgAN patients studied to date, and we compared the patients with strict control groups, which were lacking in previous studies. Therefore, our study provides more comprehensive information for physicians about patients with IgAN and ANCA positivity.
In conclusion, we performed a retrospective case-control study and found that ANCA-positive IgAN patients, used to show overlapping of AASV and IgAN, presented a more severe clinical and histological picture than ANCA-negative IgAN patients, and their renal outcomes were relatively better with aggressive immunosuppressive therapy in the short term. We suggest that screening for ANCA should be taken into consideration in certain IgAN patients, especially in elderly patients, and patients with severe clinical manifestations, systemic symptoms or fibrinoid necrosis in renal biopsy.
Supplementary data
Supplementary data are available online at http://ckj.oxford journals.org. Normal distribution data were presented as average ± SD and non-normal distribution data as median (Q25, Q75). 
